A detailed paleomagnetic study conducted in the Sangiran area, Java, has provided a reliable age constraint on hominid fossilbearing formations. A reverse-to-normal polarity transition marks a 7-m thick section across the Upper Tuff in the Bapang Formation. The transition has three short reversal episodes and is overlain by a thick normal polarity magnetozone that was fission-track dated to the Brunhes chron. This pattern closely resembles another highresolution Matuyama-Brunhes (MB) transition record in an Osaka Bay marine core. In the Sangiran sediments, four successive transitional polarity fields lie just below the presumed main MB boundary. Their virtual geomagnetic poles cluster in the western South Pacific, partly overlapping the transitional virtual geomagnetic poles from Hawaiian and Canary Islands' lavas, which have a mean 40 Ar/ 39 Ar age of 776 ± 2 ka. Thus, the polarity transition is unambiguously the MB boundary. A revised correlation of tuff layers in the Bapang Formation reveals that the hominid last occurrence and the tektite level in the Sangiran area are nearly coincident, just below the Upper Middle Tuff, which underlies the MB transition. The stratigraphic relationship of the tektite level to the MB transition in the Sangiran area is consistent with deep-sea core data that show that the meteorite impact preceded the MB reversal by about 12 ka. The MB boundary currently defines the uppermost horizon yielding Homo erectus fossils in the Sangiran area.
A detailed paleomagnetic study conducted in the Sangiran area, Java, has provided a reliable age constraint on hominid fossilbearing formations. A reverse-to-normal polarity transition marks a 7-m thick section across the Upper Tuff in the Bapang Formation. The transition has three short reversal episodes and is overlain by a thick normal polarity magnetozone that was fission-track dated to the Brunhes chron. This pattern closely resembles another highresolution Matuyama-Brunhes (MB) transition record in an Osaka Bay marine core. In the Sangiran sediments, four successive transitional polarity fields lie just below the presumed main MB boundary. Their virtual geomagnetic poles cluster in the western South Pacific, partly overlapping the transitional virtual geomagnetic poles from Hawaiian and Canary Islands' lavas, which have a mean 40 Ar/ 39 Ar age of 776 ± 2 ka. Thus, the polarity transition is unambiguously the MB boundary. A revised correlation of tuff layers in the Bapang Formation reveals that the hominid last occurrence and the tektite level in the Sangiran area are nearly coincident, just below the Upper Middle Tuff, which underlies the MB transition. The stratigraphic relationship of the tektite level to the MB transition in the Sangiran area is consistent with deep-sea core data that show that the meteorite impact preceded the MB reversal by about 12 ka. The MB boundary currently defines the uppermost horizon yielding Homo erectus fossils in the Sangiran area.
paleomagnetism | marine isotope stage 19 | magnetostratigraphy | geochronology F rom its origins in Africa, or perhaps the southern Caucasus (1, 2), Homo erectus (sensu lato) dispersed across Asia, arriving in Java sometime in the Calabrian Age of the Early Pleistocene [ca. 1.8 Ma to ca. 0.8 Ma, the second stage/age of the recently revised (3) Pleistocene] (e.g., [4] [5] [6] . Among the H. erectus sites outside Africa, fossil localities in Java provide a long history of collection and study in multiple locations compared with others in western Asia (7, 8) and China (9) (10) (11) . In the 1891-1892 excavation at Trinil, East Java, E. Dubois discovered a hominid skull cap and femur, which triggered numerous follow-up collections in Java. To date, fossils attributed to H. erectus have been found in Sangiran, Sambungmacan, Trinil, Ngandong, Ngawi, Kedungbrubus, and Perning (Mojokerto), all located in a narrow zone extending about 200 km east-west in Central to East Java (Fig. S1 ). These fossil sites have been associated with a wide range of ages. Although some chronometric dates are controversial, H. erectus seems to have been present in Java for a long duration, ranging from the Early Pleistocene into the Late Pleistocene. Therefore, Javanese hominids provide an important resource for human evolutionary studies outside Africa.
The Sangiran dome area, Central Java, has yielded a number of hominid fossils since 1936. The thick (>300-m) sedimentary sequence is one of the standard Plio-Pleistocene sections in Java. However, it lacks an accepted chronostratigraphy. The 40 Ar/ 39 Ar date of 1.66 Ma reported for two specimens described as the oldest hominid remains in the Sangiran area (12) is ∼0.5 million y older than previous age estimates for that site (13) (14) (15) . This date has been questioned because of the uncertain stratigraphic relationship between the dated pumice and the hominid fossils (9, (16) (17) (18) . Subsequently reported 40 Ar/
39
Ar dates for the Sangiran hominids (18) modify this chronology, but are still inconsistent with the magnetic polarity stratigraphy (9) and other 40 Ar/ 39 Ar dates (19) . Thus, the controversy over the "long" (older) and "short" (younger) chronologies for the hominid-bearing sediments is still ongoing (e.g., 20) .
The goal of this study is to produce a reliably dated stratigraphic level (age datum) in the Sangiran dome. Here we focus on the upper portion of the hominid fossil-bearing horizons, whereas previous studies mostly concentrated on the lower end. Our work examines the dome's topmost formation, which has not yet yielded hominid fossils and has never been investigated in detail.
Geologically, the Sangiran area is a dome structure, extending 8 km north-south and 4 km east-west, located southwest of the Kendeng Hills (Fig. S1 ). The dome was truncated by erosion, exposing a concentric pattern of strata, with older strata surrounded by younger (Fig. 1A) (21) . The exposed Plio-Pleistocene sediments are divided into four units (13) . The marine Puren (Kalibeng) Formation lies at the base (Fig. 1B) , overlain by the Sangiran (Pucangan) Formation, consisting of shallow marine to lagoonal sediments below lacustrine sediments. The Sangiran Formation is overlain by the Bapang (Kabuh) Formation, and further by the Pohjajar (Notopuro) Formation (Fig. 1) . The upper two formations are primarily fluviatile sediments intercalated with many layers of pumice, volcanic ash, and lahar. There are three active volcanoes within 50 km of Sangiran: Mt. Lawu to the southeast, and Mts. Merapi and Merbabu to the west (Fig. S1 ). These volcanoes are candidates for the source of volcanic materials in the Sangiran dome.
Hominid-bearing horizons in the dome range from the Upper Tuff (UT) of the Bapang Formation down to Tuff 11 in the Sangiran Formation (13) (Fig. 1B) or possibly slightly lower (22) . The southeast sector of the dome has yielded many hominid fossils, including ∼10 well-preserved cranial and mandibular specimens (Fig. 1A) . The type sections of the Bapang and Pohjajar Formations, the targets of our study, are also located in this sector (21) : at S48 (geological columnar section site 48) and S49 near Bapang village, and at S43 (S43A, B, C) upstream of the Pohjajar River, respectively (Fig. 1A) .
We first conducted a geological survey, searching for sections that included fine sediments. For the Pohjajar Formation, we selected the section at S51 near Duwet village in addition to the main type section at S43A (Fig. 1A) . For the Bapang Formation, we selected the type sections at S48 and S49. Paleomagnetic sampling tracts are indicated by the red arrows in Fig. 1A . Most of the Bapang samples are from channel deposits of silts or tuffaceous silts, except for a high-resolution sequence, 11 m thick, across the UT layer at S48 and S49. This sequence primarily consists of clays, clayey silts, and silts that were deposited in still waters. Parallel sample series were collected from S48 and S49 ( Fig. 1A and Fig. S2 ). A total of 436 specimens was collected from 92 horizons.
UT is pinkish, about 50 cm thick at S48 and 60 cm thick at S49. During fieldwork, we recognized three more pinkish tuff layers above UT. We designate them Upper Tuff 0.5 (UT0.5), Upper Tuff 1 (UT1), and Upper Tuff 2 (UT2) in ascending order. UT0.5 and UT1 are found at both sites, whereas UT2 is seen only at S49. UT1 is 15-40 cm thick, and was described previously as an unnamed tuff by Itihara et al. (21) . Tuffs UT0.5 and UT2, 1-10 cm thick, have not been described yet. These tuffs were used for precise stratigraphic correlations between S48 and S49. Samples were collected at 10-to 30-cm intervals for the highresolution sequence across UT (Fig. S2) . UT correlatives near Pucung (at S59) and Tanjung (at S9) on the opposite side of the Cemoro River (Fig. 1A) were also sampled.
For tuff analyses, we collected samples of UT and UT1 at S48, UT, UT0.5, UT1, and UT2 at S49, and UT at S59 and S9. We also sampled the Upper Middle Tuff (UMT) at S48, which is another pinkish tuff about 6 m below UT at the type site of the Bapang Formation (Fig. 1A) .
Results
Progressive thermal demagnetizations (THDs) in steps above 250-300°C or alternating field demagnetizations (AFDs) in steps above 10-30 millitesla (mT) were used to isolate a primary remanent magnetization ( Fig. S3 A and B) . The two methods provide the same results. THDs could not be applied to samples collected using titanium tubes or samples of fragile silts or fine sands. About 25% of specimens were subjected to THD, covering about 60% of horizons.
THD results show unblocking temperatures at 500-580°C and 680°C, suggesting dominant carriers are magnetite (titanomagnetite) and hematite, respectively (Fig. S3J) . The same carriers were suggested by the thermomagnetic analysis results from samples possessing transitional polarity and short reversal fields ( For most samples, characteristic remanent magnetizations (ChRMs) were calculated by principal component analysis. When the stepwise THD or AFD result did not show a remanence vectorial decay to the origin and the remanence direction at each step moved on a great circle (GC) (Fig. S3 G and H), we determined a GC for each specimen. This allowed us to calculate a mean horizon direction (23) . For some horizons, a mean direction was calculated using ChRMs and GCs. The mean directions were bedding plane-corrected, and generally tilt was 5-10°. The horizons based on GC calculations are all below UT1 in the Bapang Formation. We discarded data on 20 horizons where the number of specimens that provided either ChRM or GC was less than three.
A mean direction whose virtual geomagnetic pole (VGP) latitude is in the northern/southern hemisphere is defined as normal/reverse polarity. Above UT1 all horizons show normal polarity, whereas the horizons at and below UMT have reverse polarity ( Fig. S2 and Table S1 ). Transitional polarity fields, defined as those with VGP latitudes lower than 45°, lie just above UT0.5 (Fig. S2) . The combined plot of paleomagnetic results for S48 and S49 over an 11-m-thick section across UT reveals multiple short reversal episodes (Fig. S4F) .
It is noteworthy that the "UT correlatives" at Pucung (S59) and Tanjung (S9) show reverse polarity (Table S1 , nos. 91 and 92). The Pucung and Tanjung UT correlatives are paleomagnetically different from the normal polarity Bapang UT (S48, S49; Fig. S2 ).
As mentioned above, horizons where the GC method was applied are all below UT1, and also are in the zone of low , calotte Pithecanthropus II (P II), calotte Pithecanthropus III (P III), calotte Pithecanthropus VI (P VI), calotte Pithecanthropus VII (P VII), and cranium Pithecanthropus VIII (P VIII).
normalized natural remanent magnetization (NRM) intensity (Fig. S4H) . The stratigraphic levels of horizons providing no reliable mean direction (Fig. S4A ) also lie in the low normalized NRM intensity or near short reversals (Fig. S4 F and H) . From these observations, we suggest that the difficulty in identification of a reliable paleomagnetic direction is due to the low efficiency in aligning magnetic grains in weak fields or during directional fluctuations.
The difference in magnetic polarity among the UT correlatives suggests that these tuffs are not correctly correlated. Hornblende refractive indices in the pinkish tuff layers in the Bapang Formation ( Fig. S5 and Table S2 ) are bimodal. One group of tuffs, UT2, UT1, UT0.5, and UT from the Bapang sites (S48 and S49), has a primary mode at ∼1.679-1.681. The other group, UMT at Bapang (S48), and the UT correlatives at Pucung (S59) and Tanjung (S9) have a dominant mode at 1.689-1.690. This result suggests that the Pucung and Tanjung UT correlatives (21) are not correlative with the Bapang UT in the type sections (Fig.  1A) , rather that these UT correlatives, south of the Cemoro River, are correlative with UMT at Bapang. This correlation is supported by the mineral compositions (Table S2 ) and magnetic polarity (Fig. S2 ).
Discussion
Magnetic Polarity Stratigraphy. The present paleomagnetic result defines three magnetic polarity zones. A thick (ca. 30-m) reverse polarity zone continues from the base to below the UT in the Bapang Formation (Fig. S2 ). This zone is overlain by a 7-m-thick mixed polarity zone that ranges in level from about 3.5 m below UT up to just below UT1 (Fig. S2 ), above which a thick (ca. 50-m) normal polarity zone continues to the upper part of the Pohjajar Formation.
In the upper Pohjajar Formation, a revised zircon fission-track age of 0.18 ± 0.02 Ma (24) has been obtained for the Upper Pumice Tuff that was previously fission track-dated to 0.25 ± 0.07 (here, 2σ) Ma (25) . The previous age was not calibrated to standard samples of known age, and the disagreement with the revised age may be due to lack of calibration. Other age estimates of the Pohjajar Formation came from hornblende extracts and an andesite rock sample, yielding 40 (27) ], respectively. Even with these uncertainties, the thick normal polarity zone should be correlated with the Brunhes chron. Thus, the reverse polarity zone is reasonably correlated with the Matuyama chron, and the mixed polarity zone with the Matuyama-to-Brunhes (MB) polarity transition.
Polarity Transition Features. Using the base of UT as a datum, we define the main MB boundary (MBB) at 170 cm in elevation (Fig.  S4F, arrow) , above/below which normal/reverse polarity fields are dominant. We further define three short reversal episodes that lie at −350 cm, at an elevation range of 0-70 cm including UT, and just below UT1, here designated E1, E2, and E3, respectively (Fig. S4F) . The ChRM directions are well-determined for these episodes (Fig. S3 D-F) . The MB polarity transition ranging from E1 to just above E3 coincides with the low normalized NRM intensity zone (Fig. S4H) .
MB polarity transition records from high-average accumulation rate (a.r.) sediments (>50 cm/ka) have short reversal episodes similar to those observed here. In an Osaka Bay marine core, a 6-m long MB transition record lies within the low relative paleointensity zone (28) . The transition has a short episode named "a" that is 4.56 m to 4.0 m below the main MBB, and short episodes, about 20 cm thick, named "b" and "c" lie at 1.1 m below and 0.4 m above the boundary (Fig. 2B ). In the high-a.r. marine silt sequence in the Boso Peninsula, eastern Japan (32), thick and thin short reversal episodes lie at 6.2-5.3 m and 1.9 m below the main MBB, respectively. Thus, the timings of these short reversal episodes are very similar. A plausible correlation of the E1 and E3 in Sangiran with the "a" and "c" in Osaka Bay (Fig. 2 A and B) provides an average a.r. estimate of ca. 70 cm/ka for the Bapang Formation type sections.
MB polarity transition records from low-a.r. (about 10 cm/ka or less) sediments such as deep-sea cores or Chinese loess sediments show somewhat different features. They have multiple polarity swings within depth intervals of 40-60 cm (33) (34) (35) , but the numbers of changes are different. This difference can be caused by both the different resolution available at smaller a.r. and the filtering effect due to the magnetization process (36). Jin and Liu (37) have recently shown that although the Chinese loesspaleosol sediments can record a transition, the detailed field morphology is poorly defined due to the low alignment efficiency of magnetic grains in a weak field undergoing transition. The Sangiran MB transition has four successive transitional polarity fields with VGP latitudes lower than 45°recorded in a 30-cm-thick section just below the main MBB (Fig. S4E) . The VGPs cluster in the western South Pacific (Fig. S6) , partly overlapping the VGP cluster from the transitionally magnetized lavas of the Hawaii and Canary Islands (38) . The combined average 40 Ar/ 39 Ar age of these lavas is 776 ± 2 ka. The agreement of the VGP clusters suggests the transitional fields have a dipolar nature. From the average a.r. estimated above, the thickness of 30 cm provides an estimate of about 400 y for the transitional polarity field zone. Our 10-cm 3 specimen of 2.2-cm thickness would correspond to about 30 y, and thus can easily resolve this short (ca. 400-y) event. The Sangiran transitional VGPs are clearly separated from the VGP cluster for the precursor event that is centered in north to southwestern Australia and 40 Ar/ 39 Ardated at 793-795 ka (38) .
The agreement of the VGP clusters (Fig. S6 ) demonstrates that the 30-cm-thick transitional field zone is very likely 776 ka (38) in age. This zone is about 2 m below (3 ka before, based on average a.r.) the termination of the MB transition, and about 5 m above (7 ka after) its onset (Fig. S4) . Thus, the Sangiran MB transition spans 783-773 ka, consistent with the Osaka Bay core data (785-775 ka) (28) . We can see a similar duration (783-770 ka) for a multiple polarity swing zone with low paleointensity in a North Atlantic deep-sea core record from Ocean Drilling Program (ODP) site 984 (39) . However, other North Atlantic cores seem to have shorter and younger transition zones (775-771 ka) (39) . The difference may be an artifact of the low a.r. of deep-sea sediments. Precise dating of the MB boundary has proven difficult due to the complexity and duration of the multiple-reversal transition zone. Our study shows the relationship of the VGP at 776 ka to the MB transition zone, but clearly more studies of high-a.r. sediments are needed.
UT Correlatives at Pucung and Tanjung. As mentioned above, the heavy mineral compositions and hornblende refractive indices show that the Pucung and Tanjung UT layers are clearly distinct from UT of the type sections at Bapang (S48 and S49); rather, they should be correlated with Bapang UMT (Fig. 2A) . The paleomagnetic data support this correlation. Bapang UT has normal polarity. Pucung and Tanjung UT correlatives and Bapang UMT all have reverse polarity (Fig. S2 and Table S1 ). Thus, we propose that the pinkish tuff layers at Pucung and Tanjung previously correlated with UT (21) are actually correlated with UMT in the Bapang S48 type section. The UT layer is the thickest among the four pinkish tuff layers at Bapang, and the sections at Pucung and Tanjung intercalate only one pinkish tuff layer. These circumstances may have led to the earlier miscorrelation.
Tektite Horizon Underlying the MB Transition. Tektites are natural glass objects produced by the melting of crustal material during large-impact cratering events (40, 41) . The Australasian tektite field extends from southern China to the Southern Ocean and from the Western Pacific to southwestern Indian Ocean (42) . The Sangiran area yields a number of tektites, but only two pieces were found in situ during excavations. The IndonesiaJapan joint research CTA- 41 Project, 1977 41 Project, -1979 , found a tektite about 4 m above the Middle Tuff (MT) of the Bapang Formation at Brangkal (Fig. 3, S39) (43) . Another tektite was found at almost the same stratigraphic level, 3.6 m above the MT at Pucung (Fig. 3, S59) , about 6 km south of Brangkal (43, 44 ). An estimated tektite correlative level at S48 (Fig. 2A) (Fig. 2 A and B) suggests the tektite horizon is correlated with marine oxygen isotope stage (MIS) 20. This result is consistent with the Sulu and Celebes Seas cores' data that a microtektite layer lies ca. 12 ka before the MB boundary in MIS 20 (29) (Fig. 2 A and C) .
Hyodo et al. (15) reported a normal magnetic polarity just above the tektite level at Pucung (S59), and interpreted it as the earliest Brunhes. This normal polarity level is now clearly just below the UMT, and can be correlated with the precursor event in MIS 20 (45) .
The stratigraphic position of tektites in the Sangiran area was called into question, suspected of being reworked from younger deposits (18, 20) , because no additional in situ tektites have been recovered and because of inconsistencies in the 40 Ar/ 39 Ar-dating results (see below). The present study, however, clearly supports the presence of in situ tektites between MT and UT as revealed by the CTA-41 Project (13). Previous paleomagnetic studies (14, 15, 46) are not as detailed as this study at the MB transition. Hyodo et al. (15) determined MBB just below UT, based on data obtained south of the Cemoro River. Those data should be reexamined in combination with tuff analyses because of the correlation problems across the river for the pinkish tuffs (UT vs. UMT). The complex polarity changes in the lower Bapang Formation reported by Shimizu et al. (46) are likely due to insufficient removal of secondary viscous remanent magnetization, because their AFD level was below 20-30 mT.
Hornblende samples from pumice collected from the lowermost part of the Bapang Formation are 40 Ar/ 39 Ar-dated at 0.86 ± 0.03 Ma and 0.88 ± 0.01 Ma (19) . These dates are consistent with the present magnetic polarity stratigraphy. Larick et al. (18) reported hornblende 40 Ar/ 39 Ar dates that are significantly older than these results. For example, the Bapang UT layer, which we argue lies within the MB transition, was dated at 1.02 ± 0.06 Ma, and pumice layers close to the MT level were dated at 0.98 ± 0.11 Ma, 1.02 ± 0.13 Ma, 1.24 ± 0.12 Ma, and 1.27 ± 0.18 Ma. The older 40 Ar/ 39 Ar dates may be related to reworking of epiclastic pumice balls in the Bapang Formation from older deposits.
Finally, Australasian tektites from the Bose Basin of southern China were 40 Ar/ 39 Ar-dated to 803 ± 3 ka (47). This age can be associated with the tektite level between MT and UMT and is consistent with the present magnetic polarity stratigraphy.
Horizon of Hominid Occurrence in the Sangiran Area. The Sangiran H. erectus materials, variously referred to as Pithecanthropus and Meganthropus, constitute the majority of existing Early Pleistocene hominid fossils from Java. Although most of the Sangiran specimens were found by chance by local inhabitants, sometimes retrieved without precise provenance, geological and geochemical investigations have shown that the hominid fossils derive from sediments between the UT of the Bapang Formation and Tuff 11 (13) or possibly a slightly lower level (22) of the Sangiran Formation. In light of paleontologic and stratigraphic contexts, the Sangiran H. erectus remains are tentatively divided into chronologically older and younger groups (48) (49) (50) .
The chronologically older group is derived from the uppermost Sangiran Formation and the Grenzbank zone, the basal layer of the Bapang Formation. It is associated with the Ci Saat fauna or the Trinil H.K. fauna; this group includes mandibles Pithecanthropus B (Sangiran 1b) and F (Sangiran 22), calotte Pithecanthropus II (Sangiran 2), cranium Pithecanthropus IV (Sangiran 4), and mandibles Meganthropus A (Sangiran 6a) and B (Sangiran 8). Pithecanthropus II was previously placed at just below MT (21) , but should be relocated to the Grenzbank zone based on bone fluorine content (22) and a geological resurvey of the find site (51) .
The chronologically younger group is derived from sediments near the MT in the Bapang Formation (Fig. 3) , and is associated with the Kedung Brubus fauna; this group includes calottes Pithecanthropus III (Sangiran 3), VI [Sangiran 10, also referred to as the sixth skull cap or Pithecanthropus V (52)], and VII (Sangiran 12), cranium Pithecanthropus VIII (Sangiran 17), cranium skull IX (Tjg-1993.05), and mandibles Sb 8103 and Ng 8503 (48) . In Fig. 3 , the horizon that was reported to have yielded the Pithecanthropus VI calotte discovered at the Tanjung S9 site is placed just below the midpoint between MT and the UT correlative. Multielement analyses of the specimen (53) have verified its derivation from between MT and the UT correlative (now correlated with UMT). With this placement, the stratigraphic provenance of Pithecanthropus VI provides a solid uppermost datum of the hominid fossils in the Sangiran area. This stratigraphic level is nearly the same as the tektite horizon at the Brankal S39 site.
The approximate coincidence of the hominid last occurrence and the tektite level in this area could imply a tektite fall effect on Sangiran hominids or a possible reduction of the Javanese H. erectus population, although cranial morphology suggests a long-term continuous, gradual evolution of Javanese H. erectus (49) from the Sangiran hominids around the MT (Early Pleistocene) to the Ngandong hominids (Late Pleistocene) via the Sambungmacan hominids (probably Middle Pleistocene) (Fig.  S1 ). Vertebrate paleontology also suggests continuity between the Kedung Brubus fauna of the Sangiran area and the Middle Pleistocene fauna from Sambungmacan (54) .
Very recently, Zaim et al. (55) have reported, based on the long (older) chronology, a new "1.5 million-year-old Homo erectus maxilla" from the basal layer of the Bapang Formation. Our data, showing the near co-occurrence of the tektite level and the magnetostratigraphic constraint, argue that the Sangiran hominid last occurrence is dated to ca. 0.79 Ma. In addition, the short (younger) chronology is strongly supported by 40 Ar/ 39 Ar dates of 0.86-0.88 Ma (17) in the lower Bapang Formation and the absence of the Jaramillo subchronozone (Fig. S2) . Therefore, the 1.5 million-year-old age needs to be reevaluated.
Conclusion
Paleomagnetic analyses conducted on the Bapang and Pohjajar Formations in the Sangiran area, Java, reveal a 7-m-thick MB transition zone that just overlies the UMT. Features of the transition, with three short reversal episodes, are well-correlated with other MB transition records from high-a.r. (>50 cm/ka) sediments from Osaka Bay and Boso Peninsula, Japan. Four transitional polarity fields that occur in a 30-cm section just below the main MB boundary show a VGP cluster partly overlapping that from the transitionally magnetized lavas from the Hawaii and Canary Islands dated at 776 ± 2 ka. The mineral composition, refractive index, and magnetic polarity of tuffs reveal that the pinkish tuff layer at Pucung and Tanjung, previously correlated with UT, is actually correlated with UMT at the Bapang S48 type section. Both the latest occurrence of hominid fossils and the tektite source bed in the Sangiran area lie just below the UMT level. The MB transition starts about 2 m above UMT. Therefore, the MB transition constrains the uppermost age of Sangiran H. erectus to about 0.79 Ma.
Methods
Paleomagnetic Sampling and Analysis. We primarily collected oriented block samples, from which cubic specimens within 5 cm in depth were cut and put into cubic capsules 10 cm 3 in volume. From soft sediments, specimens were collected and put into capsules in the field, using a tool (9) . All specimens were subjected to progressive THD or AFD in 10-15 steps. For magnetic analyses, we used a 2G cryogenic magnetometer, a Bartington MS2 susceptibility meter, and a Curie balance.
Tuff Analyses. A subsample of each tuff sample was washed on a 63-μm sieve and examined under a binocular microscope. No glass was found in the samples. The remnant of each sample was then washed on 63-, 125-, and 250-μm mesh sieves. The 63-to 125-μm fraction was mounted on glass slides, and the bulk grain composition and heavy-mineral composition were determined under a microscope. Refractive indices of hornblende crystals were measured individually using a refractive index measurement system (RIMS) analyzer (56) . In the absence of volcanic glass, hornblende refractive indices (controlled by the content of oxides with high specific refractivity) were used to distinguish tuffs, as in the cataloged data for tuffs in Japan (57).
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